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(57) A method of repairing a turbine 
blade (10) of the type having one or 
more lacing wire holes (20, 21) compris- 
ing the steps of welding additional 
metal (17) to the blade (10) and subject- 
ing the blade (10) to a stress relieving 
heat treatment process before which 
the or each lacing wire hole (20, 21 ) is 
effectively eliminated by filling the hole 
or holes (20, 21 ) with material the same 
as or at least compatible with the 
material from which the blade is made. 
The turbine blade (10) may be subjected 
to the application of mechanical forces 
to restore its form and machined to 
restore its shape and may be gauged to 
ensure both its form and shape is 
correct. 
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SPECIFICATION 

Am thod of reparing turbine blad s 

5 The present invention relates to a method of repair- 
ing turbine blades. 

Repairing turbine blades by welding is in some 
cases a highly satisfactory method of effecting a 
repair and is considerably cheaper than total re- 

10 placement of the blade. 

It has been found however that the repair of some 
turbine blades by methods using a welding process 
is not satisfactory since even though from visual 
inspection the repair appears satisfactory, problems 

15 can still arise because turbine blades are in use 
subjected to considerable forces. 

The type of turbine blade assembly, which may 
comprise a rotor or a stator, in which a repair by 
welding has beeo found to be not satisfactory is that 

20 in which adjacent blades are interconnected, usually 
in the region of their outer ends by snubbers, lacing 
wires or other members requiring a hole or other 
discontinuity to be formed in the turbine blade (all 
such members being hereinafter referred to for 

25 convenience as lacing wires and the discontinuities 
as lacing wire holes). The purpose of the lacing wires 
is to prevent excessive relative movement between 
the blades and to generally dampen any vibration 
during operation of the turbine. Such lacing wires 

30 therefore render the turbine structure more rigid but 
do not prevent all relative movement between the 
blades. 

Since the outer end of the turbine blade in a rotor 
assembly is the part which has the greatest linear 

35 speed in use, it is the outer end that is most prone to 
erosion. Erosion generally occurs because of contact 
between the turbine blades with particles carried by 
the steam and also with the steam itself. 
At the high pressure end of a steam turbine for 

40 example, the blades are generally subjected to 
damage from particles of solid matter carried by the 
steam due to contact between the blades and the 
particles, and since the rate of erosion will be 
dependant on relative speeds between the blades 

45 and particles, it is generally the leading edge at the 
outer end of each blade that is most prone to erosion 
by impact between the particles and said edges. 

At the low pressure end of the turbine, the steam is 
at a lower temperature haying been cooled during 

50 passage through the turbine and water condenses 
therefrom more readily. The steam is therefore 
wetter and the transfer of energy by impact on the 
turbine blade of the steam itself is greater at the low 
pressure end of the turbine than that at the high 

55 pressure end. Here again it is predominantly the 
outer ends of the blade which are esp cially subject 
to erosion. 

It is known to form the leading edge at the outer 
end of the turbine blade as an insert from a different 

60 material from that used for the remainder of the 
blade. Turbine blades are often made from a chrome 
steel and the insert may be made from stellite or a 
suitable hardened steel, in which case the insert may 
be brazed to the blade. If the blade has not originally 

65 been formed with such an insert and is subsequently 



required to be repaired, the turbine blade may then 
have such an insert introduced. In which case, th 
insert may be secured to the remainder of the 
turbine blade by a welding process, the blade end 
70 being subsequently machined to restore it to its 
original form. 

Such a method of repairing turbine blades has 
been found to be successful only in the case where 
the turbine blade is a uniform or homogeneous 
75 structure and, in the case of turbine blades having 
discontinuities such as lacing wire holes, then even 
though the welded repair may have the appearance 
of being satisfactory, in use such blades are prone to 
"stress corrosion cracking" which leads to a short 
80 and hence unacceptable life after repair. 

It is an object of the present invention to provide a 
method of repairing turbine blades of the type 
having lacing wire holes, which method enables a 
welding process to be used satisfactorily. 
85 According to the present invention, we provide a 
method of repairing a turbine blade of the type 
having one or more lacing wire holes, the method 
comprising the steps of welding additional metal 
thereto, machining the repaired blade to the re- 
90 quired shape and subjecting the blade to a stress 
relieving heat treatment process, wherein prior to 
the heat treatment process, the or each lacing wire 
holes is effectively eliminated by filling the hole or 
holes with material which is the same as or at least is 
95 compatible with the material from which the blade is 
made and reforming, after the heat treatment pro- 
cess, the or each of the holes. 

The filling of the lacing wire holes may be effected 
at any stage of the repairing method prior to heat 

100 treatment process and, is preferably carried out at 
the same time as the addition of metal by welding. 

It will be understood that since the plugs have only 
a temporary function to perform, it is contemplated 
that they need not always be made of the same 

1 05 material as that of which the blade itself is made. 
Such plugs do, however, have to be capable of 
performing the required function, namely maintai- 
nence of the condition of the metal of the blade 
around the holes during the heat treatment in a state 

110 such as to avoid the tendency to local crack forma- 
tion in subsequent service. The term "compatible" is 
used herein to identify such other material. 

In selection of a compatible material consideration 
should be given to materials which have properties 

115 such as the thermal coefficient of expansion, and an 
ability to successfully bond or fuse welding or 
brazing to the material of the blade. 

Machining of the blade may be carried out before 
or after the heat treatment process provided the 

120 machining does not generate heat in sufficient 
quantities to bring about residual stress in the 
turbine blade. 

It may be that during the addition of metal by 
welding during the method of repairing the turbine 

125 blade, distortion of the blade will occur, and the 
blade may therefore after the addition of rhetal be 
subjected to mechanical forces to return the blade to 
its original shape. Said subjecting of the blade to 
mechanical forces preferably takes place before said 

1 30 heat treatment process such that the heat treatment 
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is ffective to eliminate any stress in the turbine 
blade and is preferably carried out after filling of the 
lacing wire holes in order to eliminate the possibility 
of causing damage in the region of the lacing wire 

5 holes by the application of mechanical forces. 

It is essential that the turbine blade is returned to 

" its original shape and form and to ensure that the 
repaired article is exactly the shape and form 
required, preferably a gauging step is included in 

19 said method. 

One reason for the need to fill and subsequently 
reform the lacing wire holes is believed to be that 
even though the lacing wire holes may not be in an 
area which is eroded and hence in an area which as 
15 such is in need of repair, the heating and consequent 
stressing of the turbine blade caused by the repair in 
other adjacent areas, and subsequent heat treatment 
and possible mechanical stressing, affects the struc- 
ture of the material in the vicinity of or around the 

20 lacing wire holes and thus increases the risk of crack 
formation leading to subsequent failure of the 
turbine blade. 

It is further believed that the phenomenon of 
"stress corrosion cracking" occurring in use around 
25 the lacing wire holes may be due to concentration of 
residual stress in the region of the lacing wire holes 
during application of mechanical forces to the 
turbine-blade, it being necessary to maintain or 
return the blade to its correct shape after repair, 
30 Preferably therefore, where substantial mechanic- 
al forces have been applied to the turbine blade to 
return the blade to its correct form during repair, the 
lacing wire holes will have been filled prior to the 
application of such mechanical forces. 
35 The lacing wire holes may be filled by introduction 
of the welding metal itself or introduction of a new 
piece of solid state material welded into the hole. In 
both cases the lacing wire holes will be filled at least 
before heat treatment. 
40 The invention will now be described in more detail 
by way of example only with reference to the 
accompanying drawings wherein :- 

Figure 1 is a cross-section view looking radially 
inwardly of three turbine blades interconnected by 
45 lacing wires; 

Figure 7 A is a prospective view of a complete 
turbine rotor; 

Figure 2 is a view of an end region of the turbine 
blade illustrating the area where erosion is most 
50 common; 

Figure 3 is a cross-section of the turbine blade 
taken along the line A-A shown in Figure 2; 

Figure 4 illustrates a welding process being used 
to repair a turbine blade; 
55 Figure s is a cross-section along the line B-B 
shown in Figure 4; 

Figure 6 illustrates an alternative repair involving 
by a welding process; 
Figure 7 is a cross-section along the line C-C 
60 shown in Figure 6; 

Figure 8 illustrates a repaired turbine blade; 
Figure 9 is a cross-section along the line D-D 
shown in Figure 8; 
Figure 10 is a view of a turbine blade in an 
65 apparatus to subject the blade to mechanical forces 



in order to return it to its required f rm; 

Figure 11 is a schematic view illustrating the 
turbine blade in a furnace of heat treatment; 

Figure 12 is a perspective view of a gauge 
70 apparatus; 

Figure 13 is a plan view of the gauge apparatus 
shown in Figure 12. 

Referring first to Figures 1 and 1A, three turbine 
blades are shown 10, 1 1 and 12, each turbine blade 
75 having through bores 13 and 14 through which pass 
respective lacing wires 15 and 16. 

The lacing wires 1 5 and 1 6 can pass either with 
clearance through their respective through bores 13 
and 14 in the turbine blades, or may be joined to 
80 each turbine blade by welding for example. 

If the lacing wires pass freely through the through 
bores 13 and 14 in use of the turbine, the radially 
outwardly directed centrifugal force on the lacing 
wires between adjacent turbine blades will cause 
85 pressure contact between the lacing wires and the 
turbine blades, such pressure contact being suffi- 
cient to provide the required restriction of relative 
movement between adjacent turbine blades. 

Figure 1 A illustrates an example of a rotor from a 
90 turbine, the three turbine blades 10, 11 and 12shown 
in Figure 1 being three of a considerable number of 
blades forming the complete array in the rotor. 

The turbine blades, such as those shown at 10, 1 1, 
12, can be made from a variety of materials depend- 
95 ing on the function and operating conditions of the 
turbine. Atypical material from which a blade in a 
steam turbine may be manufactured is chrome steel 
being approximately 12% chrome. 

Referring now to Figure 2, the area of the turbine 
100 blade which is most prone to erosion is illustrated, 
this being the leading edge 17 of the outer end of the 
turbine blade since it is this part of the blade which 
"collides" with the steam or particles carried thereby 
during use of the turbine, and which also has the 
1 05 greatest linear speed being the radially outermost 
point from the axis of rotation. The leading edge 17 
is the edge which is nearest the steam inlet end of 
the turbine. 

Figure 3 illustrates the area where erosion is most 

110 likely to occur on the leading edge 17 of the turbine 
blade 10, and which erosion even through it may be 
severe, is not normally so extensive as to reach as 
far as the nearest lacing hole 13. 

Referring now to Figures4to 11, a method of 

115 repairing the turbine blade in accordance with the 
invention will now be described. 

A piece of material is cut out from the margin 
bordering the leading edge 17 and a new piece 18 of 
hard material, such as Stellite, is welded to the 

120 remainder of the turbine blade 10. The material used 
for welding is one able to form a welded function 
with the material from which the blade is made, for 
example, 12% chrome steel and the material, Stel- 
lite, which is to be welded to the turbine blade 1 0. A 

125 suitable welding material is 12% chrome steel. 
The lacing wire holes 13 and 14 are filled by 
welding in plugs 20 and 21 which may be of the 
same material from which the turbine blade is made, 
i.e. 12% chrome steel, and one again a suitable 

130 welding metal will be used to secure these plugs in 
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position. 

In Figures 6 and 7 an alternative repair is shown in 
which the turbine blade 50 has the leading outer 
edge region 57 repaired by the addition of fused 
5 metal by a welding process. The lacing wire holes 52 
and 53 are likewise filled with fused metal. The 
method of repair then continues in an identical 
manner as that described for the blade 10 shown in 
Figures 4 and 5. 

10 All eroded material now having been replaced, the 
excess material may at this stage be machined to 
restore the blade to its proper shape or provided that 
the machining does not unduly raise the tempera- 
ture of the turbine blade, the machining can be 

15 carried out at a later stage in the repair process. 

If the turbine blade 10 has not significantly altered 
its form, then the next stage in the repair process is 
to heat the blade to a predetermined temperature to 
relieve any residual stress in the blade. 

20 Referring to Figure 1 1, the heat treatment may be 
carried out in any suitable oven 60, the temperature 
to which the blade is heated and the time to which it 
is subjected to such heat, depending on the size of 
the turbine blade and the material from which it is 

25 made. A typical heat treatment for a blade made 
from a 12% chrome steel being 1 hour at 660°C. 

It is quite common that following removal of part 
of the blade as shown in Figures 4 and welding in of 
the new piece 18 of hard material such as Stellite, the 

30 form of the blade can be altered by distortion, which 
form must be connected prior to heat treatment. 

The reforming of the blade may involve the step of 
causing a twisting of the blade between its ends and 
a simple apparatus for carrying out such twisting is 

35 illustrated in Figure 10. 

The root end 24 is held in a vice 25 and the other 
end 26 is held in a second vice 27 which is pivotally 
mounted about an axis 28. The vice 27 carries a lever 
arm 29 having a helically threaded through bore 30 

40 into which extends a helically threaded member 31, 
which also extends through a helically threaded nut 
part 32 secured to base member 33. The helically 
threaded member 31 is provided with a handle 34 by 
means of which the helically threaded member 31 

45 may be rotated causing pivotal movement of the 
second vice 26. Since the root end 24 of the turbine 
blade 1 0 is held in the vice 25, the turbine blade 1 0 
will be twisted about its longitudinal axis and 
sufficient mechanical force is used to twist the 

50 turbine blade 10 until it has the correct form after 
having been released from the vices 25 and 27. 

It may sometimes be necessary to cause twisting 
of the turbine blade 1 0 at localised positions inter- 
mediate its ends 24 and 36. A modified apparatus 

55 may be provided in which the vices 25 and 27 are 
movable towards and away from each other along 
an axis parallel with the turbine blade longitudinally, 
thereby enabling the blade 10 to be gripped at any 
two positions along its length. 

60 After the application of such mechanical forces, 
the blade is subjected to heat treatment, for example 
as in the oven 60 shown in Figure 1 1 , and then the 
form and shape of the blade may be checked by a 
gauge such as that shown in Figures 12 and 13. 

65 The gauge shown in Figures 12 and 13 comprises 



a base member 40 having a pair of upwardly 
extending support members 41 and 42, each of the 
members 41 and 42 being provided with horizontally 
aligned slots 43 and 44 respectively. 

70 Extending between and located in each pair of 
horizontally opposed slots 43 and 44 are a pair of 
gauge members 45 and 46. Each of the gauge 
members 45 and 46 which comprise metal plates 
have a cut-out 47 and 48 respectively which corres- 

75 ponds to half the desired cross-sectional profile of 
the turbine blade 10 at a distance from the base 
member 40 determined by the distance from the 
base of the respective horizontally opposed chan- 
nels 42 and 43. 

80 In order to check if the turbine blade 10 is of the 
correct form and shape, it is carefully positioned on 
the base member 40 and the gauge plate 45 and 46 
inserted into their respective channels 42 and 43 and 
moved into contact with the turbine blade 10. If the 

85 gauge plates 45 and 46 do not fit around the turbine 
blade perfectly, i.e. there is a gap at any position 
between a gauge plate and the turbine blade, either 
the form or shape of the blade requires some 
correction, the form being corrected by imparting a 

90 twisting force to the blade as afore-described, and 
the shape being corrected by the addition or removal 
of material by welding or grinding respectively for 
example. 

After heat treatment the lacing wire holes 13 and 
95 14 are reformed, for example by drilling. However, in 
normal circumstances the lacing wire holes will not 
be reformed until the turbine blade has been gauged 
and found correct in form and shape, since if it is not 
correct and further re-shaping and re-forming is 

100 necessary. 

Once again the turbine blade 1 0 will be subjected 
to heat treatment and if the form and shape is not 
correct, it will be subjected to mechanical forces to 
twist the turbine blade to the correct form and/or 

105 machining, after which heattreatment will follow 
and the cycle of application of mechanical forces, 
heattreatment and measuring by the gauge will be 
continued until the gauged turbine blade is found to 
be correct. 

110 The description of the method of the present 
invention of the method of the present invention 
describes each of the steps involved in the method 
of repair. However it will be appreciated that the 
apparatus illustrated, for example that for applying 

115 mechanical forces to the blade to cause twisting 

thereof to return the turbine blade to its correct form, 
and the heat treatment oven, may be replaced by 
other methods of applying a twisting or bending 
force to the blade and oter forms of heat treatment 

1 20 may be provided so long as they heat the blade 
sufficiently to cause relief of any residual stress. 

CLAIMS 

125 1 . A method of repairing a turbine blade of the 
type having one or more lacing wire holes, the 
method comprising the steps of welding additional 
metal thereto, machining the repaired blade to the 
required shape and subjecting the blade to a stress 

130 relieving heat treatment process, wherein prior to 



4 



GB 2 091 139 A 



4 



the heat treatment process, the or each lacing wire 
hole is ffectively eliminat d by filling th hole or 
holes with material which is the same as or at least is 
compatible with the material from which the blade is 
5 made, and reforming, after the heat treating process, 
the or each of the holes. 

2. The method as claimed in Claim 1 wherein 
after the welding process has been carried out, the 
turbine blade is subjected to mechanical forces to 

1 0 restore it to its correct form and wherein the lacing 
wire hole or holes are filled prior to the application of 
said mechanical forces. 

3. The method as claimed in Claim 1 or Claim 2 
wherein the turbine blade is gauged by a gauging 

1 5 apparatus prior to the heat treatment process. 

4. The method as claimed in any one of the 
preceding claims wherein a portion of the turbine 
blade which is eroded or has been damaged is 
removed and a new piece of material is welded 

20 thereto. 

5. The method as claimed in any one of Claims 1 
to 3 wherein a damaged or eroded part of the turbine 
blade has metal added thereto in fused form by a 
welding process. 

25 6. The method as claimed in any one of the 
preceding claims wherein the lacing wire hole or 
holes are each filled by a solid piece of material 
which is welded therein. 
7. The method as claimed in any one of Claims 1 

30 to 5 wherein the or each lacing wire hole is filled with 
metal in a fused condition by a welding process. 



8. A method of repairing a turbine blade of the 
type having one or more lacing wir holes, the 
method comprising th steps of 

35 (a) welding additional metal to an eroded or 

damaged part of the blade; 
(b) filling the or each lacing wire hole with a 

metal the same as or compatible with the metal from 

which the turbine blade is made; 
40 (c) gauging the blade to ascertain if it is of the 

correct form; 

(d) applying mechanical forces to the blade to 
return it to its correct form; 

(e) subjecting the blade to a heat treatment 
45 process to relieve residual stress; 

(f) machining the blade to return it to its correct 
shape; 

(g) reforming the lacing wire holes. 

9. A turbine blade repaired in accordance with 
50 the method as claimed in any one of the preceding 

claims. 

10. A method of repairing a turbine blade sub- 
stantially as hereinbefore described with reference 
to and as illustrated in the accompanying drawings. 

55 11. A turbine blade repaired in accordance with 
the method substantially as hereinbefore described 
with reference to and as illustrated in the accom- 
panying drawings. 
12. A method of repairing a turbine blade includ- 

60 ing any novel step or novel combination of steps as 
described in the specification and/or shown in the 
accompanying drawings. 
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